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Abstract 

Objective To compare the distribution of KCNJ11 polymorphisms between elderly Chinese population with and without hypertension. 
Methods We examined the mutation of KCNJ11 gene by directly sequencing. Data for the present study were obtained from 250 
hypertensive subjects (60 to 83 years old) as well as 250 normotensive subjects (60 to 86 years old). Results We found nine different mutations 
in KCNJ11, including six novel mutations (I131M, L147I, L147V, L147L, Q235H, G245Q. None of the novel mutations were found in the 
normotensive subjects, and all the residues were conserved in other species. These sequence variants in Chinese population indicate the 
diversity of the human library and the complexity of hypertension. Conclusions The consistent finding of our present study provided a 
basis for the development of new strategies to diagnosis and treat hypertension in the elderly. 
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1 Introduction 

Hypertension remains the most common risk factor for 
cardiovascular morbidity and mortality. Both the prevalence 
and severity of hypertension increase markedly with aging. 
Current estimates suggest that approximately 160 million 
Chinese individuals suffer from hypertension, with a sizable 
population of elders. The profile of hypertension in older 
patients differs from that in younger patients and treatment 
of hypertension in the elderly today leaves much to be 
desired. [13] The comprehensive profile of hypertension in 
older patients is still being elucidated. 

ATP-sensitive K + (K A tp) channels are found in many 
tissues, including heart, vascular smooth muscles, and vascular 
endothelial cells. K A tp channels play especially important 
roles in the cellular responses of tissues under stress. [4_6] In 
the vascular system, K ATP channels regulate the tonus of 
vascular smooth muscles, playing an important role in blood 
pressure regulation. [7 ' 8] The K A tp channels are composed of 
four pore-forming inward rectifier subunits which belong to 
Kir6.X (Kir6.1 or Kir6.2) subfamily and four regulatory 
sulfonylurea receptor (SUR1 or SUR2) subunits. The com- 
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bination Kir6.2/SUR2B is likely the most prevalent in vascular 
smooth muscle, although Kir6.1/SUR2B may also be present 
in this tissue. [9] Functional K ATP channels are required to 
secure an optimal stress-adaptation capacity of the organism. 
They play important roles in the physiology and pathophy- 
siology of various tissues by coupling the metabolic state of 
the cells with cellular electrical activity. [10] Recent advances 
in the vascular Kir6.2 channel indicate this channel modulates 
basal arterial tone and may contribute to vasodilatation in 
response to flow-induced shear stress. [7] 

Previous studies have shown that some polymorphisms 
or mutations of the Kir6.2 gene were associated with type II 
diabetes mellitus and acute myocardial infarction. [11_14] Knockout 
of the Kir6.2 gene also causes maladaptive remodeling and 
heart failure in hypertension/ 15] We aimed to explore the 
distribution of KCNJ11 polymorphisms in elderly Chinese 
population with and without hypertension to better understand 
the development and prevention of hypertension in Chinese 
elderly individuals. 

2 Methods 

2.1 Study population 

Data for this study were obtained from 250 hypertensive 
subjects (60 to 83 years old) as well as 250 normotensive 
subjects (60 to 86 years old). Hypertension was defined as a 
systolic blood pressure >140 mmHg and/or a diastolic blood 
pressure > 90 mmHg on repeated measurements, or receiving 
antihypertensive medication. Secondary hypertension was 
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excluded by history and physical examination. All subjects 
were apparently healthy, based on the report of their medical 
history. A positive family history of essential hypertension 
was defined as the occurrence of hypertension in one or both 
biological parents. The ethics committee of our institution 
approved the study protocol. All of the subjects enrolled in 
this study were Chinese, and all of the subjects gave informed 
consent to participate in this study. 

2.2 Study protocol 

The plasma samples were collected between 8:00 and 
10:00 am, after an overnight fast and abstinence from alcohol, 
tea or coffee. Casual blood pressure was measured in supine 
position over a 15 minutes resting period. Thereafter, blood 
samples were drawn from the antecubital vein for extracting 
whole DNA. 

2.3 Direct DNA sequencing 

DNA was extracted from peripheral blood leukocytes 
using standard techniques. Polymerse Chain Reaction (PCR) 
amplification of the Kir 6.2 gene was carried out, using the 
following primers: forward, 5 '-CCGAGAGGACTCTGC A- 
GTGA-3', reverse, 5 '-TGGGCT AC AT ACC AC ATGGT-3 ' . 
The cycling program for PCR consisted of a denaturation 
step at 95 °C for 5 minutes, followed by 35 cycles of dena- 
turation at 95 °C for 30 seconds, annealing at 55 °C for 30 
seconds, and extension at 72 °C for 30 seconds, and then a 
final extension step at 72 °C for 5 minutes. The PCR products 
were directly sequenced on both strands. Sequencing was 
done using an ABI PRISM Dye Terminator Cycle sequencing 
kit (Perkin-Elmer, Applied Biosystem, Foster City, Calif., 
USA) according to the manufacturer's instructions. 

2.4 Statistical analysis 

Statistical analyses were performed with SPSS 10.0. The 



gender ratio among hypertensive subjects, history of diabetes 
and family history of hypertension were compared by % 2 test. 
Values for continuous variables were presented as adjusted 
mean ± SD. P < 0.05 was deemed statistically significant. 

3 Results 

3.1 General characteristics 

The mean body mass indexes were 25.0 ± 3.26 kg/m 2 
and 23.5 ± 3.14 kg/m 2 in the hypertensive and normotensive 
subjects respectively. Body surface area of hypertensive subjects 
was higher than that of normotensive subjects (P < 0.01). 
Hypertensive subjects were more likely to have a positive 
family history of essential hypertension and clinical history 
of diabetes than normotensive subjects. 

3.2 Identification of sequence variants in the Kir 6.2 
gene 

Analysis of the complete coding region of the Kir6.2 
gene extracted from 250 unrelated, essential hypertensive 
individuals revealed several alterations of the nucleotide 
sequence in comparison to the wild type sequence. We found 
nine different missense mutations, of which six were novel: 
113 1M (c.392 G>T), L147I (c.438 A>C), L147V (c.438 
G>C), L147L (c.438 T>C), Q235H (c.704 T>G), G245C 
(c.731 T>G). Those novel mutations were not found in 250 
normotensive individuals. All the mutations are conserved 
in rats, mice, rabbits, dogs, and macaques (Figure 1). As 
shown in Table 2, three mutations occurred in more than 
one individuals, that was, LI 471 (n = 2), LI 47V (n = 2) and 
Q235H (n = 2). Two individuals carried more than one 
mutation, one of which carried Q235H and G245C, and another 
carried L147L and Q235H. 



Table 1. General characteristics and blood pressure of normotensive subjects and hypertensive subjects. 



Phenotypes 


Overall (n = 500) 


No Event (n = 250) 


Event (n = 250) 


P Value 


Age at testing (year) 


72.1 (6.0) 


71.8 (6.1) 


72.4 (5.5) 


0.254 


Age at onset (year) 






53.9 (14.5) 




Men, «(%) 


280 (56) 


150 (60) 


130 (52) 


0.232 


Women, «(%) 


220 (44) 


100 (40) 


120 (48) 


0.178 


BMI (Kg/m 2 ) 


24.5 (3.3) 


23.5 (3.1) 


25.3 (3.3) 


P< 0.001 


BSA (m 2 ) 


1.78 (0.15) 


1.85 (0.14) 


1.71 (0.13) 


P< 0.001 


HR (bpm) 


72.7 (10.2) 


71.7 (9.7) 


73.8 (10.3) 


0.184 


SBP (mmHg) 


135.7 (20.3) 


124.1 (12.8) 


147.3 (19.8) 


P< 0.001 


DBP (mmHg) 


80.3 (14.3) 


75 (9.8) 


85.6(15.9) 


P< 0.001 


Diabetes, n(%) 


64 (12.8) 


19(7.5) 


45(18) 


0.001 


Family history of HT, n(%) 


214(42.8) 


42 (16.8) 


172 (68.8) 


P< 0.001 



Values are mean ± SD, whereas indicated otherwise. P values are based on the difference between normotensive subjects and hypertensive subjects. BMI: body 
mass index; BSA: body surface area; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure. 
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MUS MLSRKGI I PEEYVLTT^LAEI>PAEPRYRTRERRARFVSKKGNCNVAHKNIREQGRFXQDVF 60 

RattUS MLSPKGIIPEEYVLTRLAEDPTEPRYRTRZRRitf^FVSKKGNCNVAHKNIR^ 60 

Canis mlsrkgiipeeyvltrlaedpaepryrarerr^ 60 

Oryctolagus hlsrkgiipeeyvltrlaedpaepryrarerrarfvskkgncnvahknireqgrflqdvf 60 

Human mlsrkgiipeeyvltrlaedpakpryrarqrrarfvskkgwcmvahkI'Jireqgrflcidvf 60 

Macaca mlsrkgiipeeyvltrlaedpaepryrarerr^fvskkgncnvahknireqgrflqdvf 60 

MUS TTLVDLKIJPHTLLIFTMSFLC^LLFAI-^ 120 

RattUS TTLVDIJ^UPHTLLI FTMSFLCSULLFAJWXJIJLIAFAHGDLAPGEGTNVPCVTSIHSFSSA 120 

Canis ttlvdlkwphtllifthsflcswllfamvwliafahgdlapgegtavpcvtsihsfssa 120 

OryctolagUS TTLVDLKIJTT1TLLI FTMSFLCSIJLLFAITVTJW 120 

Human ttlvdlkuphtllifthsflcsullfamauijliafahgdlapsegtaepcvtsihsfssa 120 

Macaca ttlvdij<tjpittlliftmsflcstjllfamvtjw sa 120 

i n 

MUS FLFSIEVQVTIGFGGRMVTEECPLAIL I LIVQNIVGLMINAIML GC I FMKTAQAHRRAET 180 

RattUS FLFSIEVQVTIGFGGRHVTEECPLAILILIVQNIVGLHIWAIHLGC I FMKTAQAHRRAET 180 

Canis FLFSIEVQVTIGFGGRIWTEECPIAILILIVQNIVGLMIWAmLGCIFMKTAQAHRRAET 180 

Oryctolagus fl fs ievqvti gfggrmvtee c p lail i l i vqmivglmiwaiml gc i fmktaq ahrraet 1 80 

Human fl fs ievqvti gfggrmvtee c p l ai l i l i vqwivglmiijaiml gc i fmktaq ahrraet 180 

Macaca FL FS IEVQVTI GFGGPirVT^ECPLAIL I LIVQNWGLMIMAIIILGCI FIIKTAQ AHRRAET 180 

I 

MUS LI FSKHAVITLRHGRLCFMLRVGDLRKSMI ISATIHMQVVRKTTSPEGEVVPLHQVDI PM 240 

RattUS L I FSKHAVITLRHGRLCFMLRVGDLRKSMI ISATIHMQVVRKTTSPEGEVVPLHQVDI PM 240 

Canis lifskhaviavrhgrlcfmlrvgdlrksmiisatihmqvvrkttspegevvplhqvdipm 240 

Oryctolagus lifskhaviaij^qgrlcfmij^vgdlrksmiisatihmqvvrkttspegevvplhqvdipm 240 

Human LIFSKHAVIALRHGRLCFIILRVGDLRKSMIISATimiQVVRKTTSPEGEVVPLHQVDIPM 240 

Macaca lifskhavialrhgrlcfmlrvgdlrksmiisatihmqvvrkttspegevvplhqvdipm 240 

rv 

Mus ewgvggwsiflvapliiyhvidsnsplydlapsdlhhhqdleiivilegvvettgittqa 300 

Rattus EWGVGGWSIFLVAPLIIYHVIDSNSPLYDLAPSDLHHHQDLEIIVILEGVVETTGITTQA 300 

Canis engvggns i fl vap l ii yhvid ansp lyd lap sdlhhhqd le ii vi le gwl'itgittq a 300 

Oryctolagus engvggns i flvap l iihhvidansp lyd l apsdlhhhqd le ii vi le gweitgittqa 300 

Human engvggns ifl vap liiyhvidansp lyd lap sdlhhhqd leiivilegwettgittq a 300 

Macaca engvggnsiflvapliiyhvidansplydlapsdlhhhqdleiivilegwettgittqa 300 

MUS RTSYLADE I LUGQRFVP I VAEED GRYS VD YSKFGNTIKVPTP L CTARQ LDEDRS L LD ALT 3 60 

RattUS RTSYLADE I LUGQRFWIVAEEDGRYSVDYSKFC^rrVKVPTPLCTARQ LDEDRS LLD ALT 360 

Canis rtsyi^eilngqrfvpivaeedgrysvdyskfgntikvptplctarqldedrslldalt 360 

Oryctolagus rtsyladeilugqrfvpivaeedgrysvdyskfgntvkvptplctarqldedrslldalt 360 

Human rtsyij^eilwgqrfwivaeedgrysvdyskfgntvkvptplctarqldedhsllealt 360 

Macaca rtsyladeilwgqrfvpivaeedgrysvdyskfgntikvptplctarqldedhsllealt 360 



Figure 1. Comparison of KCNJ11 protein sequences among different species. I-IV indicates the position correspond to the amino acid 
substition of 113 1M, L147I (L147V, L147L), Q235H and G245C, respectively. 



Table 2. Phenotypes of patients with the novel mutations of 
KCNJ11. 



Base Amino acid Age at Blood 
substitution substitution diagnosis (year) pressure (mmHg) 



1 


T704GJ731G Q235H,G245C 


35 


180/110 


2 


T438C 


L147L 


42 


168/97 


3 


G438C 


L147V 


37 


175/105 


4 


A438C 


L147L 


46 


182/96 


5 


G438C 


L147V 


41 


192/113 


6 


A438C,T704g 


L147L,Q245H 


34 


172/104 


7 


G392T 


I131M 


38 


183/95 



Two previously reported missense variants (E23K, I337V) 
and one silent change (A 190 A) were shown in Table 3. As 
shown in Table 3, a G-to-A change resulted in a glutamic 
acid-to-lysine substitution at codon 23 of KCNJ11 (E23K), 
and an A-to-G change resulted in an isoleucine-to-valine 
change at codon 337 KCNJ11 (I337V), while a T-to-C 
change did not result in an amino acid change at codon 190 
(A190A). Neither genotypic nor allelic frequencies of E23K, 
ISS7V, and A 190 A differed between hypertension and 
control groups. 

All subjects with KCNJ11 mutation were diagnosed with 
hypertension at the age of forty or under the median age of 
diagnosis at age thirty-five. 
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Table 3. Genotypic and allelic frequencies of variants between 
hypertensive patients and normal subjects. 



Hypertension Control subjects 
Patients (n = 250) (n = 250) 











Genotype 








G/G 


1 f\ A ((\ A 1\ 

1U4 (U.42) 


1 1 O /A A O \ 

119 (U.48) 




or I\l A 


140 (U.JO ) 


1j1 (U.jzJ 


U.l / / 


/\neie 








G 


TOA /rv /T/|\ 

3zU (U.o4) 


34o (U.09J 




A 


loU (U.jOJ 


1 J4 (U.J 1 J 


U.Z 1 J 


A 1 OA A 
A 1 VUA 








Genotype 








T/T 


92 (U.3 7) 


1 AO /A /I 1 \ 

1U2 (U.41) 




i/L^ or ut 


1 jo (U.Oj ) 


1 ZLS (C\ i ^Q^ 

i4o (u.jyj 


u.jjy 


A11i=>1(=> 

/\iieie 








T 


288 (0.58) 


310(0.62) 




C 


212 (0.42) 


190 (0.38) 


0.156 


1337V 








Genotype 








AA 


121 (0.48) 


107 (0.43) 




AG or GG 


129 (0.52) 


143 (0.57) 


0.209 


Allele 








A 


354 (0.71) 


338 (0.68) 




G 


146 (0.29) 


162 (0.32) 


0.273 



Data are number of subjects with each genotype or number of alleles (% of 
each group). 



4 Discussion 

In the present study, a positive family history of essential 
hypertension occurred more commonly in hypertensive subjects 
than in normotensive subjects, indicating that hypertensive 
subjects may have a pre-existing genetic predisposition to 
blood pressure elevation. 

We found nine different mutations in KCNJ11, identified 
by directly sequencing 250 patients with hypertension. We 
described six novel mutations (113 1M, L147I, L147V, 
L147L, Q235H, G245C). None of the novel mutations was 
found in the normotensive subjects, and all the residues are 
conserved in other species. Therefore, these mutations may 
be pathogenic, although functional studies have not been 
performed. L147P, mutated at the same amino acid as L147I, 
LI 47V and L147L, has previously been reported, thus 
highlighting the functional importance of the residues. [16] 
Previous studies have revealed the altered response to ATP 
by K ATP channels with mutations in Kir6.2 at several residues, 
reducing the ability of the channel to close in response to 
elevated levels of ATP, and functional analysis of those 
mutations shows that mutated residues within the Kir6.2 
protein correlates with the observed phenotype. 



In summary, the present study evaluated the genetic profile 
in Chinese older hypertensive subjects. The study provides 
important evidence for novel mutations in association with 
the pathogenesis of hypertension. These sequence variants 
in the Chinese population indicate the diversity of the human 
library and the complexity of hypertension. Further confir- 
matory studies on the functional effect of those novel mutations 
should further reveal the real contribution of this gene to 
hypertension. 
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